Abstract Cigarette smoking during pregnancy is one of the most preventable causes of infant morbidity and mortality, yet 80 % of women who smoked prior to pregnancy continue to smoke during pregnancy. Past studies have found that lower maternal-fetal attachment predicts smoking status in pregnancy, yet past research has not examined whether maternal-fetal attachment predicts patterns or quantity of smoking among pregnant smokers. The aim of this study was to examine the relationship between maternal-fetal attachment and patterns of maternal smoking among pregnant smokers. We used self-reported and biochemical markers of cigarette smoking in order to better understand how maternal-fetal attachment relates to the degree of fetal exposure to nicotine. Fifty-eight pregnant smokers participated in the current study. Women completed the Maternal-Fetal Attachment Scale, reported weekly smoking behaviors throughout pregnancy using the Timeline Follow Back interview, and provided a saliva sample at 30 and 35 weeks gestation and 1 day postpartum to measure salivary cotinine concentrations. Lower maternal-fetal attachment scores were associated with higher salivary cotinine at 30 weeks gestation and 1 day postpartum. As well, women who reported lower fetal attachment reported smoking a greater maximum number of cigarettes per day, on average, over pregnancy. Lower maternal-fetal attachment is associated with greater smoking in pregnancy. Future research might explore whether successful smoking cessation programs improve maternal assessments of attachment to their infants.
disorders [4] . Fetal and infant effects of nicotine exposure range from mild to severe, including infant irritability [5] , increased risk of preterm birth and low birth weight [6] , genetic deformities [3] , and sudden infant death syndrome [7] . Maternal smoking is also associated with decreased initiation and/or continuation of breastfeeding [8, 9] .
Despite these risks, a staggering 80 % of US women who smoke prior to conception will continue to smoke throughout pregnancy [10] . Thus, over 500,000 fetuses are directly exposed to tobacco per year in the US [10] . More research is needed that examines factors to help motivate women to quit smoking, and remain abstinent from tobacco, during pregnancy. Investigators have proposed that strong maternalfetal attachment may serve as a key factor in promoting healthy behaviors in pregnancy [11, 12] .
According to Cranley [13] , maternal-fetal attachment is ''the extent to which women engage in behaviors that represent an affiliation and interaction with their unborn child.'' A small number of past studies have found that lower maternal-fetal attachment scores are related to poorer health practices during pregnancy. In particular, past studies have found that women who report feeling less attached to their fetus are more likely to smoke cigarettes in pregnancy [11, 12] . However, these studies have not examined whether maternal-fetal attachment is related to the amount of cigarette smoking during pregnancy among pregnant smokers. This gap in the literature is significant given that greater cigarette consumption is associated with poorer neonatal outcomes [14] and greater difficulty quitting smoking [15] .
To address this gap in the literature, the current study was designed to assess the relationship between maternal-fetal attachment and patterns of maternal smoking throughout pregnancy among smokers. We examined both patterns and quantity of smoking over pregnancy using measures of selfreported weekly cigarette smoking and a biochemical marker of nicotine (e.g., salivary cotinine). We hypothesized that women who report lower maternal-fetal attachment would smoke significantly more cigarettes throughout gestation compared to women who report higher maternalfetal attachment.
Methods

Participants
Fifty-eight pregnant smokers were included in the current analyses (M age = 25, SD = 5). Participants in this study were part of a larger study on the effects of maternal smoking on fetal and infant development [Behavior and Mood in Babies and Mothers (BAM BAM)]. Women were classified as 'smokers' if they reported smoking throughout pregnancy and/or had salivary cotinine values [10 ng/mL at study sessions. Women were excluded from participating in the larger study if they reported more than one alcoholic drink per week throughout pregnancy, were over 40 years old, were pregnant with more than one fetus, or were at high risk for adverse neonatal outcomes. Women who reported quitting smoking during pregnancy (defined as smoking no cigarettes/week and sustaining until the end of pregnancy, biochemically verified with cotinine concentrations) were excluded from the current analyses.
Women in the current study were primarily low income from diverse racial and ethnic background (average annual income \$20 K/year; 77 % unemployed; 22 % Black, 19 % Hispanic, 53 % White, 5 % Asian, 5 % Native American, 9 % ''other'', 5 % [1 race). The majority of pregnancies (83 %) were unplanned, and 35 % of women reported that they were not married or in a committed relationship during their pregnancy. The mean maternalfetal attachment score in this sample was 97.3 (SD = 11.6, range 69.7-118.1). The average number of cigarettes smoked per day over pregnancy was 9 (SD = 7, range 0-40), and the maximum number of cigarettes smoked, on average, per day over pregnancy was 18 (SD = 11, range 0-50).
Babies in this sample were, on average, born at 39 weeks gestation (SD = 2, range 34-42) and were an average weight of 3,097 g (SD = 471, range 1,830-4,280). Five percent of births were low birth weight (\2,500 g), 11 % were preterm (\37 weeks gestation at birth), and 6 % were small for gestational age (SGA; \10th percentile in weight based on gestational age at birth).
Measures
Procedure
Women were an average of 30 weeks gestation (SD = 2 weeks) at the time of study enrollment. They were interviewed again in third trimester (M = 35 weeks gestation, SD = 1 week) and following delivery (M = 1 day postpartum, SD = 1 day). Interviews were conducted in private assessment rooms within the Centers for Behavioral and Preventive Medicine within Lifespan Hospital by trained interviewers. At the initial interview, participants provided demographic and pregnancy-specific health information. Participants completed the Maternal-Fetal Attachment Scale [13] at 30 and 35 weeks gestation. At each session, participants completed the Timeline Follow Back (TLFB) interview and provided saliva samples in order to measure cotinine. Following delivery, neonatal outcomes were determined by medical chart review. Birth weight percentile (birth weight based on gestational age at delivery) was calculated using the Fenton Growth Charts [16] .
All study protocols were reviewed by the Lifespan and Women & Infants Institutional Review Boards. These review boards are comprised of hospital-based multidisciplinary representatives who hold expertise in research ethics. Pregnant women signed informed consent forms prior to participating.
Maternal Fetal Attachment
To measure participants' emotional connection to their fetus, women completed the Maternal-Fetal Attachment Scale [13] . This self-report measure includes 24 items indicating a woman's emotional connection to her fetus. Women were asked to rate how much they thought about or engaged in behaviors such as ''I talked to my unborn baby,'' and ''I imagined myself taking care of the baby.'' Response options ranged from 1 to 5, with 1 = ''definitely no'' and 5 = ''definitely yes.'' Higher scores indicate more feelings of attachment. The scale has previously demonstrated good reliability [13] .
Maternal Cigarette Smoking
Salivary Cotinine At 30 and 35 weeks gestation and 1 day postpartum, participants provided a saliva sample (passive drool) in order to measure salivary cotinine. Cotinine is the principal nicotine metabolite produced by the liver and has a half-life of greater than 10 h [17] . After collection, saliva samples were frozen at -80°C and shipped to Salimetrics (State College, PA, USA) for biochemical analysis using enzyme-linked immuno sorbent assay (ELISA) kits, with a sensitivity of 0.15 mg/mL [18] .
Timeline Follow Back (TLFB) Interview Participants reported their cigarette use during each week of pregnancy using the TLFB interview [19] . This semi-structured interview utilizes a calendar to aid in participants' recall of smoking throughout pregnancy. The TLFB method is the preferred approach to measure substance use [20] and has shown reliability when used for pregnant women in previous studies [21] . Based on participants' reports, we calculated the average number of cigarettes smoked per day, and the maximum cigarettes smoked per day over pregnancy.
Data Analysis
Very little change was noted in maternal-fetal attachment scores between 30 and 35 weeks gestation (mean change = 2 points out of 120 possible points); scores were therefore averaged to create a summary attachment score. To examine the associations between maternal-fetal attachment and salivary cotinine at 30 weeks gestation, 35 weeks gestation, and 1 day postpartum we ran Spearman's correlation analyses. Cotinine values were log transformed to adjust for skewed distributions. maternal-fetal attachment scores were normally distributed and therefore were not log transformed. Next, we categorized participants into 'low' versus 'high' attachment groups by performing a median split of continuous maternalfetal attachment scores. Then we compared self-reported weekly cigarette smoking (until full-term, 37 weeks) in low versus high attachment groups by performing repeated-measure analysis of covariance (ANCOVA) controlling for selfreported smoking in the 3 months prior to conception and nicotine dependence [15] .
Results
Maternal Demographics by Maternal-Fetal Attachment Group
Prior to testing our study hypotheses, we assessed whether women with low versus high maternal-fetal attachment scores differed on maternal demographic variables or neonatal outcomes. Groups did not significantly differ on maternal age, race, marital status, income, employment status, gravida, parity, planned pregnancy, whether they considered adoption or abortion, breastfeeding, alcohol use in pregnancy, secondhand smoke exposure, living with a smoker, nicotine dependence, or depressive or anxiety symptoms. Babies born from mothers who reported lower maternal-fetal attachment were lower birth weight and were marginally more likely to be suspected to be growth restricted in utero. Gestational age at birth and SGA did not differ by maternal-fetal attachment group. See Table 1 .
Associations Between Maternal-Fetal Attachment and Salivary Cotinine
We then examined whether maternal salivary cotinine levels at 30 weeks gestation, 35 weeks gestation, or 1 day postpartum differed according to maternal-fetal attachment. We found a negative association between maternalfetal attachment and salivary cotinine at 30 weeks GA and 1 day after delivery, such that lower reported maternalfetal attachment was associated with higher salivary cotinine at 30 weeks gestation (q = -.28, p = .05) and 1 day after delivery (q = -.32, p = .02). The association between attachment and cotinine at 35 weeks gestation was in the same direction, but smaller in magnitude and not statistically significant (q = -.17, p = .27).
Maternal-Fetal Attachment and Patterns of Smoking Over Pregnancy
To determine whether maternal smoking patterns over pregnancy differed according to maternal-fetal attachment, we performed repeated measures analysis of covariance (ANCOVA) of weekly smoking over pregnancy, controlling for pre-pregnancy smoking. We examined two indexes of smoking behaviors: average cigarettes smoked per day and maximum number smoked per day. Analyses revealed that, while patterns of average cigarettes smoked per day over pregnancy did not differ by fetal attachment group [F(1, 44) = 2.23, p = .14], there was a difference in the maximum number of cigarettes smoked per day, although this difference did not reach statistical significance [F(1, 48) = 3.83, p = .06]. Women who reported lower fetal attachment reported smoking a greater maximum number of cigarettes per day compared to women who reported higher fetal attachment (see Fig. 1 ).
Conclusions
Findings from our study show that, among pregnant women who smoke, those who report lower feelings of attachment to their fetus have higher salivary cotinine levels in pregnancy and postpartum with a trend toward smoking more cigarettes per day over pregnancy and postpartum. These findings are consistent with results from the small number of previous studies reporting that women with lower maternal-fetal attachment are more likely to smoke cigarettes in pregnancy [11, 12] . However, our study delineates more clearly the relationship between attachment and smoking, as we were able to demonstrate that lower feelings of maternal-fetal attachment are associated with a greater quantity of cigarette use among women smoke during pregnancy. This is particularly important given that greater cigarette smoking in pregnancy has been linked to more detrimental neonatal outcomes [14] . These findings suggest that maternal-fetal attachment may be an important target for smoking cessation programs for pregnant women.
Consistent with this hypothesis, Slade et al. [22] found that pregnant smokers with higher maternal-fetal attachment were more likely to be in the ''preparation'' stage (within the transtheoretical model of change) than women with lower maternal-fetal attachment. It follows that women with higher feelings of fetal affiliation may be more prepared and motivated to engage in smoking cessation programs.
Results from our study show that women with lower maternal-fetal attachment smoke a greater maximum number of cigarettes per day, on average, over pregnancy compared to women with higher maternal-fetal attachment scores; however, we did not find a difference in the average number of cigarettes smoked per day. It may be that women with lower feelings of attachment are less able to regulate their smoking behaviors due to a lack of intrinsic motivation to resist smoking for the health of their baby. While women with higher feelings of attachment may be able to smoke one cigarette, for example, to satisfy cravings, women with lower attachment may be less able to stop themselves after just one cigarette. More research is needed in order to understand the mechanisms linking maternal-fetal attachment to smoking behaviors in pregnancy.
Limitations of this study include our small sample size and lack of biochemical verification of maternal smoking prior to study enrollment. Additionally, while the MaternalFetal Attachment Scale has demonstrated reliability in past research [13] , the possibility exists that women inaccurately reported feelings of fetal attachment. Future directions for research on maternal attachment include the potential to observe maternal-infant attachment as a means of understanding potential bias in self-reports of attachment.
In summary, in this study we found that, among pregnant women who smoke, those with more feelings of affiliation and attachment to their fetus smoke fewer cigarettes per smoking occasion and have lower salivary cotinine concentrations than women with lower feelings of fetal attachment. These findings suggest that maternal-fetal attachment may be an important factor in understanding smoking behaviors during pregnancy, and may serve as a target for future smoking cessation interventions. Future directions of research regarding smoking and attachment might include a similar review and comparison of attachment behaviors for pregnant quitters and pregnant nonsmokers. 
